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RELFASE OF RADIOACTIVE WASTES TO GROUND

Recent advances in the Information available from studies In Geology,
Hydrology, and Scll Selence, conducted by the Biophysics Section have
indicated a need for a revision in the waste disposal policles in the
Separations areas. Fortunately, the present date indicate that past
policies may have been conservative, and that some increase in the
levels cribbed may be allowed.

Thie report is intended to review same of the data avallable from pres-
ent disposal practices and to Ilndicete in a qualitative manner the de~
velomments In these varlous sclences that prompt the revlew. Also
discussed are those reglons whers additional data are needed before

ma jor chenges in the policy may be permitted.

I. SUMMARY

A brlef reaume' of the date avallable on the present disposal systems
in the SBeparations areas Indicates that the regione of ground water
pregently contaminated contain ruthenium and have resulted from the
operation of reverse wells close to the water table or fram the dip~-
poeal of hlgh salt content wastes in a corid or sump.

The maximum permissible concentrations permitted in the Columbia River
fran these flesion products are lndicated. A discusslion of the soll
adsorption by ion exchange indlecates that ithe adscorption is adversely

affected by high salt contents In the waste, and varies with the lonie
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apecies and concentration of the radioisotope. The retentlon of ad-

gsorbed isotopes is expected to be esgentially for an indefinite per-
iod if the material is not removed by prolonged flushing with non-
conteminated water or, more importantly, by camplexing agents. The
popeibility of the movement of lsotopes by movement of gmall particles
through the soil 1s advanced. The time of movement of ground water
from the Separations areas to the river 1s estimated as varying from
50 years to 1500 years, depending upon the initial location of the
water. On this basis, the contamination of the ground water with lso-
topes with half-lives up to 3 years is permitted. Concern is express-
ed on the possibility of building a ground water plateau under the
Separations areas if the dieposal of 5,000,000 to 13,000,000 gallons
of water per day is carried out for long periods of time. This is
postulated as possibly increasing the ground water gradient to the
river and thus accelerating the movement. Carsful audits of the com-
position of wastes to the ground are needed to permit useful ground

ptudies and assurance of safe operatlon.

II. PAST AND PRESENT DISPOSAL PRACTICES

Some experience has been obtalned with the disposal of radicactive
wastes to the ground at Hanforé%j?gn extensive geology-hydrology in-
vestigatlion conducted since 1947 has permitted a reasonable estimate
of the movement of the radicactive materials assoclated with theee
wastes. Unfortunately, the knowledge of what has been disposed of 1ls

not sufficiently extensive to permit detalled conclusions or extrapo-

lations to other situatione. A brief review of the major waste streams
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released to the ground is worthwhile, however, as an orientation in

problems of further dlspossl.

l. Firset Cycle Wastes

The first cycle wastes have been stored in waste tanks with evapors-
tion and cribbing of the condensate in order to release tenk storage
space. The evaporators have completed a first pass on all except
approximately 4.5 million gallons now in the tank fayms.

No data are available on the evaporated first cycle wastes now in
storage. Analyses of the supernate from the non-concentrated first

cycle wastes have been reported by Burne, and are summarized below

(3)
in Table 1.°
TARLE 1
First Cycle Supernates
Element Average Range 109-TX
/hc/cc /uc/cc /uc/cc

Gross beta emitters 2,18 0.12 - 0.42 2.91
Sr 0.006 2.0001 - 0.022 0.00087
Cs 0.14 0.10 - 0.17 0.27
Ru 0.032 -- 0.34
RE 4 Y + Ce 0.029 - 0.0085
Ce 0.02 2.007 -~ 0.05 f 0.0235
Wb 0.0114-~3 - ! 0.34

2r < 10 -- ; 1.2

Te 1.8 x 10-5 . 8x 107

The 109-TX tank was listed separately since it was filled in August
1949, as compared to dates of August 1945 to October 1947 for the

other 12 tanke sampled. The salt content of these supernates fram
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ann > SO mentevrey

; - 1.s5u, nat - 2.om, Pol+ - 0.21M,

- 0.05M, and F~ - 0.2M with a pH of 9.5.

the same analyses indlcated NO
S0,
About 4,500,000 gallons of this waste which have not been evaporated
will be disposed of to the ground in such a fashion that the total 1n-
flow per square foot of ground will not exceed 150 gallons. This will
mean that essentially all of the liquid will be retained above the
water table as water of retention in the soil. Even if a portlon does
reach the water table at a future date, the retention by soll adsorp-

tion should be great enough to remove nearly all of the fission prod-

ucts even with this high salt content.

2. Cribbed Wastes

A sumary of the amounts cribbed at major disposal sites up to July
L, 1952 ie given in Tables 2 and 3, wlth the best dates now avellable

(5,6,7,8,9,10,314) 1y TP and Redax cribs

for the use of each eystem.
are not included in this tabulation because of the relatively short
pericd that they have operated.

The values for curies of fisslon products are for the amount present

at time of release to the system, and do not include the decay that has
oceurred since addition because of the lack of adequate data on the
camposition., This estimate of the fiemlon products is undoubtedly low
since counting rate corrections were made only for the counter geametry,
and scme of the results were obtained with a 25 mg/cm2 gold or 20 mg/bm?
aluminum absorber between the semple and the counter. There is sane In-

dication that these values may be low by about a factor of four.

An amalysis of the 110-111-112T -ascade used for a cambination. of cell

ez JECLASSIFD -



LSS

TABLE 2
MAJOR GROUND DISPOSAL SITES - 200-WEST AREA
Disposal Source of EgtimatedjEet. (Est. [Max.Ground
Site Wasten Settling Volume - [Pu- [F.P.- |C Water
liters &rams |ecurles|VWCbntent.
ch/cc
231-W-150 231 Process Sump tenk T 6 '
Reverse Well 12/1/45-6/1/45 1.0x10 50 -- --
231-#1 and #2 |231 Process Sump tank 6
cribs 6/1/45-2/11/47 30.8x10° 340 - -
231 -Trenches 231 Process Sump 6
2/11/47 - date 40x19 300 -- --
23h-5 #1 and #2| 234~5 Process Sump tank 6
cribs 6/49 - date ' 34x10 188+ - -
2417-361A 5-6 Startup~8/15/46] 361 Tank 6 ‘ 6
Reverse Well |224 Startup-8/15/b6] 361 Tank 111.3x10 | 3350%|2800% | 1.6 x 10~
2417 #1 end #2 | 224 201 Tank or 6 6
cribs 11/4 /46 -5 /52 204-203-202 cascade | 29x10 3720%|1500% | 1 x 10”7
361T-#1 and #e | 22k 8/15/46~ 361 Tank and. P S
cribe 10/11/46 reverse well. 5x10 117%| 2800%
5-6 8/15/46~ 361 Tenk to 10/17/46 275.115000 | --
10/24h /b7 none 10/24/47-6/51
241T - #3 cridb | 2nd cycle - 110-111-112 T 5 Bee 71
and tile field 4/48 - dnte cascade 32x10 42 | 700 | ‘and #2
cribs
¥ Indicetes amount to settling tank.
TABLE 3
MAJOR GROUND DISPOSAL SITES - 200-FAST AREA
Disposal Source of Tetimated[Est. [Est. Ground |
Site Wastes Settling Volume ~ |Pu- |F.P.-| Water
liters |grams|{curied Content
241-B-361 5-6 L/1/45 - 7
Reverse Well 9/2/47 361B Tank 6
22 L/1/45 - 30.6x10° | b275%| 3800% | 1077
9/2 /16 361B Tank
5-6 crib and |5-6 8/12/L8 - 6
tile fleld 7/%/51 none | 36x10 174 {7800 -—
2418 #1 and #2 |22k 10/2/L6 - p
cribs 10/48 201 Tank 40x10 4230%| 5100% -—
10/48-date 204 -203-202 cascadd
2418 #3 erid 2nd  3/48-date 6 ¢
and tile field |cycle 7/1/5l-date | 3 tank cascade 23x10 24h | 630 b x 10°

*¥Indicates amount to settling tank.
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drainage, 2nd cycle, and 224 wastes has been madé‘ﬁy Hongtead in a
study designed to indicate the need for a sampler on this stre&m.(h)
He indiceted a mean concentration of waste to the cridb of O.OTJpc/cc
during the perlod August to November of 1952. The estimated time of
holdup in the cascade tanke, by samewhat Inexact methods, was on the
order of 20 days with same indicatlon that there was mixing only in
the top few inches of the tank. Analyses of the 112-T tank solution,
which is as close to the crib as present sampling facilities will
permit, have indicated that about 40-50% of the beta emitters are
rutheniwm, about 2-8% Sr, about 4-8% cerium or rare earths, and 40-50%
cesium.(5)
The ground water has been contaminated in the vicinity of the two re-
verse wells used for 224 and 5-6 wastes and near the 241-T cribe and
the 241-B #3 cribs. Tables 2 and 3 indicete the maximm values ob-
tained at these sources. Anslyses of the lsotopes indicate that the
beta emitters are almost all ruthenium lsotopes. It appears to be
gignificant that the ground water around the 5-6 cribs, which have
received low salt westes, is atill not contaminated in spite of the

large volumes of water and relatively large quantitles of fission prod-

ucte sent to these cribs.

3. Large Volume Wastes

In addition to the radloactive process wastes to the ground, there are
large quantities of presumably clean water arising fram steam conden-
sates and cooling Jackets that ere placed into large qpesn ponds or

gwamps froam which the water seeps into the ground. Estimates of the

AL L

" vabe of disposel are glven in outline form in Table k.
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Location

B ~Swamp

Powerhouse-200E

T-Swamp

U-Bwamp

Redox Swemp

TABLE 4

HW -28

-2 213

Large Volume Wastes

Dates

1945 = May 1959
May 1950 - March 1952
Total to April 1953

1945 - date
Total to April 1953

1945 - July 1050
July 1950 - Jan.1952
Jan.l852 - April 1953
Total to April 1953

1945 - July 1949
July 1949 - Aug. 1952
Aug.1952 - Jan. 1953
Jen.1953 - April 1953
Total to April 1953

0ct.1951 = Mar.l952
Mar.1952 « Aug.l952
Aug.l952 ~ Feb. 1953
Feb.1953 - April 1353
Total to April 1953

Estimated Volume

1,000,000 gal/da
2,000,000-2,500,000 gal/da
5 x 109 gal.

150,000 gal/dag
k.5 x 10° gal.
1,500,000 gal/da
2,000,000-2,500,000 gal/da
1,500,000 gal/da
6.25 x 107 gal.

350,000 gal/da
500 ,000-600,000 gal/da
3,300,000 gal/da
* 5,000,000 gal/da
2 x 107 gal.

10,000,000 gal/fuo.
1,000,000 gal/da
3,000,000 gal/da
2,000,000 g&l/da

T3 x 10° gal.

*About 200,000 gallons per day are now overflowing to the Redax ewamp.

In theory, these wastes are checked before disposal by holdup in a re-

tention baslin and sampling. In 1952, the Redux swamp recelved contam-

Inated water resulting fram a fallure of colls in waste evaporators with

fission product concentrations of 1072 to 105

c/cc and Pu concentra-

tions of 10"8 to 1Om'r /uc/cc resulting. (15) Plans are now being made to

dispose of these wastes underground to eliminate contamination spread

by windblown silt or migratory waterfowl.

When Purex 1s started, an additional 10,000,000 gallona per day will be

L
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placed in a swamp Just south of the present B Plant swamp. At this
time, the disposal to the T Plant swamp and U Plant swamp should de-

creage.

IIT. FACTCRS IN GROUND DISPOSAL

The Radlologicel Sclences Department 1ls interested in seelng that waste
disposal techniques are as liberal as possible without risking future
difficultlies with release of long-lived isotopes to the environs at a

gpot where harm may arise to humans or other life-forms. The past work
of Earth Sciences, particularly on the movement of ground water and the
adsorption of the radloightopes on soils, has glven Increased confldence
in general techniques of ground disposal. As a result of this work, a
more realistlc esbimate of the amounte of isotopes which may be diacharg-
ed under specified conditions has been obtained. The present policy con-
aists of reviewing each source of wastes to be cribbed and specifylng the
conditions which should prevail. It is felt that this policy 1s superior
to gimply deslgnating a limit which all wastes must meet before cribbing
because of the importence of the variables of location, salt content, and
volume.

Unfortunately, this work has not progressed to the point where large in-
ereases of radiolsotopes discharged to the ground can be permitted. The
present purpose is to review the current knowledge of the factors influenc-
ing discharge in order to Indicate the areas of uncertainty as well as the
informetion that now permits further cribbing.

This policy, incidentally, is a deparvure fram original viewpoints that

the ground disposal of wastes is a temporary measure to be discontinued

IECLISSIFIED ™
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as goon as process developments permit. The present policy assumes
that the Atamic Energy Commission 1s prepered to hold the Separaticns
areas and environe for & conslderable period of time. The cammiiment
on the Separations areas hes, in fact, been made on the basis of wastes
now stored or released. It is now assumed that, if necessary, this

area may be expanded somewhat, 1f the ground water is conteminated.

On this policy, the chief concern is probably the contamination of the
Columble or Yakims Rivers by ground water flowing fram the Separations
areas to the public streams. Thus, the main factors to be considered ares
(1) The adsorption of the radicective material in the soil beneath
the disposal points
(2) The retention of this material by the soil
(3) The time of movement of the ground water (and associated radio-
active materials) fram the Separations areas to the rivers
(4) The adsorption in the water table gravels, and
(5) The maximum permissible concentration of the radioisotopes in

the rivers.

1. Allowable Congcentration in River

The aliowable river concentrations are guided in part by the AEC policy
on waste disposal, which ie atill samewhat tentative although the ma jor
features of the present proposals appear 1o be reasonably well accepted.
These policles state, in.essence, that the concentration of lsotcpes at
any peint of use of the medium into which they are discharged should be
less than 10% of the values applied to personnel erngaged in rediation

work. Thus, the exposure would correspond to 30 mrem per week. This
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reduction ls intended to protect the general populace who do not

have the advantages of routine medicsal examination, recorded con-

trol of exposure, and other services provided to the general radla-
tion workera.

Under present thinklng, this exposure may be averaged over a one year
period, providing that the maximum 2L4-hour rate does not exceed twenty
times the average permisgsible for one year, and that the maximum can-
centration averaged over one liter does not exceed one hundred tlmes

(11)

the permieaible average. An estimate of the average concentratlon
in the river that could be tolerated if this were the only source con-
tributing may be obtained fram the maximum permisesible concentrations
for drinking water llsted In the National Bureau of Standards Handbook
#52.(12) Same of the pertinent values, adJusted to the 10% for the
general populace are given 1ln Table 5.

TABLE

Permlssible Concentrations in Drinking Water
General Populace

Isotope Half-life Maximum Permissible
Concentration !Ep/gb

5r89 54 a4 7 x 1076

srP 4 v° 19.9 y 8 x 1078

Yot 57 4 0,02

22 35 4 4 x 1074

Rul06 4 Rn106 1y 0.01

pele7 115 4 3 x 1073

1129 33 4 1073

cs137 4 Bal3T 37y 1.5 x 107%

celbh 4 pylih 2% a ¥ x 1073

pol#7 2.6 y 0.1

smi5Ll 122 y 0.02

RS
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It should be emphasized that these concentrations are not Independent
of one another but are additive. Present policy permite adding of

1,12
bone seekers separately fram muscle seekers, etc.(l »12)

When thess
concentratlons are applied to the Columbia River, an additlonal de-
crease to 10% of the values given should be made since the river is
now used for the disposal of reactor cooling water. This source now
contaminates the river to about 5-10% of the MPC, with higher values
than this possible with Increased power levels of the reactors. Until
a different method of disposal of cooling water is found, it must be
apsuned that it will econtinue.

Of these 1sotopes, the onee of chisf concern will be sr? and 03137
because of their long half-lives and high yleld in fission. Of minor

concern willl be RbBT, Tc99, 1129 135

; and Ca which occur In low filesion
yield or have such long half-livee that the number of curlee formed is
amall.

If ground water is to be used directly, the concentrations listed in
Table 5 may be used directly.

If the ground water ls released to the river uniformly through the

year, an estimate of the ground water concentration permissible before
reaching the river cen be made. It ie doubtful that as much 1s cantribu-
ted during high water becaume of backup of the water table near the river
during high water. The rate of dilution after discharge Into the relative-
ly elow moving water around the wetted periphery of the river 1s also
questlonable with the possibllity of coneiderable channeling causing

logal wariastions. . R. B. Brown has estimated that = maximumr of about

- U
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1/5000 of the flow of the Columbia River ls contributed by ground

water entering as 1t flows through the Hanford area. Thls estimmte

would indicate a possibility of ground water contemination of 4 x 10_h

/uc/cc of 5r?° and O.T}pc/cc of 03137.

2. Adsorption at Disposal Polnt

Many of the radiolsctopes, particularly at the low congentrations of

the element found in wastes, are adsorbed by the soil through which

the wamstes pass. There appears to be general agreement that the bulk

of the material is removed by lon exchange, partlcularly by, the mant- .
morillinite clays that meke up 1-10% of the soil, depending upon the
portion of the soil profile. This process has prevented the contamina-
tion of the ground water at most of the disposal sites that have been
uged In the pasgt.

The lon exchange process lg affected by many variables, but the ones

of most importance in solil work, other than the nature of the lon, appear
to be the concentration of the lon in guestion, the salt content of the lig-
wor, and perhaps the pH of the solutlon. The quantitative aspects of

this portion of the problem are now under investigation by Earth Sciences.

Results available fram studies with strontium and cesium indicate that,
as would be expected, & greater percentage ism adsorbed by a given soll
column fram a dilute sclution. The total amount of material taken up
per gram of soil, however, is greater for the more concentrated solution
ag would be predicted by the mass action law. Thils Indicates that wastes
disposed of to the ground should not be diluted since a greater amount

of the radicactive isotopes will be held in the soil from the non-diluted

e ECLASSIFIED



LR o o e

HW-32812]

solution. This may be vlisualized by considering the difference in
concentration between the solutlon and the soil as the "driving force"
for adsorption (as long as the lon exchange points in the soll have

not been saturated by non-replaceable lons). As the more cancentrated
solution enters the soill, the higher concentration causes more of the
isctopes to be held by the soil. The final cleanup is then done as

the partially cleaned effluent passes through the next incremsnt of

goll.

This does not permit license in depending upon the soil for the diaposal
of large quantities of 1lsotopes sinee the soll will become saturated and
pass the solutlon with no further adsorption. One of the fallacies of
getting a definlte limit in terms of concentration of isotopes in waste
to be cribbed 1 1llustrated by this aspect since the temptation to d4i-
lute wastes to reach this limit is always strong. In many cases, it may
be preferable to dlspome of the undiluted wastes to permit more efficient
use of the ground column.

The degree of adsorption ls not the same for all isctopes. Plutonium
and atrontium, fortunately, are strongly held (at least in the valence
states normally encountered in wastea). Ruthenlium appeers to be the most
moblle and 1s found at the greatest distances fram the dlsposal point.
Cealum is intermediate in mobllity, as shown by examinstions of soll
samples, fram the vicinity of the ¢ribe and by laboratory atudles. This
makes ceslum one of the more troublesame lsctopes because of its high
fission yield and the 37 year half-life of 05137. )

The effect of pH on the adsorptlon fram salt free soclutlione varies with
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the particular isotope. In general, adsorption is poor fram strongly
acid solutions, and strongly basic solutions give poor adsorption and
tend to quickly plug the eoll at the polnt of entry. The best pH for
digposal appears to be about neutral with the actual pH near this point
not too eritleal.

Even more Important than the radlcisotope concentration 1s the concen-
tration of inert salts. These salte compete with the radlolsotopes for
the 1lon exchange points in the soll end thue inhibit the adsorption.

This is illuetrated 1n the field studles by the presence of radliolactopes
in the ground water near the 2nd cycle cribs in both Separations areas,
while the ground water around the 5-6 cribs 1s not yet detectably con-
taminated. Laboratory studies on strontium and ceaium with sodium ni-
trate as the added salt indicate a strong inhibition (about 10-20% as
much adsorbed in a 10% NaN03 golution as Iin dlstilled water).of adsorp-
tion caused by this material. Plutonlum adsorption ls not greatly affect-
ed by sodlum or strontium nitrate but aluminum nitrate in a slightly acid
solution (pHY4) strongly decreases the adsorption. Other salts will wn-
doubtedly have different effects and must be evaluated separately.

The retention on gravels in the water table should be capable of analysis
from the same information obtalned in the study of retention at the dis-
posal point. This may well become an lmportant factor because of the
large distances (20,000-80,000 feet) which the water must travel though
these gravels as compared to the dlstance between the ground surface and
the water table {200 feet) at the crib site.

One possibility that is little understood at the moment ie the travel of

of small, perhaps colloidal, particles contailning significant quantities
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of adsorbed radlolsctopes. These particles may be present in the

wastes or may be small clay particles which adsorb isctopes and are
then washed through the gravels by the motion of the water. Although
the probabllity of moving any distance appears to be low because of
the efficlent filtering action of the soils, there may be such a large
number that the product of the probability and the number is sgignifi-
cent. Although such = phenamenon has not been specifically noted,
there 1s some indication that sporadic positive results are obtalned
from water In wells near the disposal points but otherwise not con-
taminated. The frequency appears to be significantly higher than in
welle at remote locatlons, and may be due to this cause.

The quantitative data on these effecte are not yet great enough to per-
mit confident appraisals of the probable ion exchange fram a high salt
waate. The program of Earth Sclences includes numerous studies on the
effects of salts on the lon exchangs of each lsotope in relation to
the total ion exchange capaclity of the soll so that = measurement of
the total lon exchange capacity of any soil may permit confident ex-

trapolation ag to the amount of adsorption expected.

3. Retention on Soil

It 1s velieved that the radloisctopes adsorbed on the soil will be re-
talned essentially indefinitely as long as no additional liquids are
passed through the soll. In thls climate of low rainfall, thies meansg
that once addition of wastes ceapes, the radiocactive isotopes will be
held 1n position with only minor movements over the years. Additional

work is plamned to obtain definite data on this peoint.
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In a orib where additional fluide are added, there will be continual
removal from the soill and readsorption at a lower level. Thuas, if
low-level wastes are placed in e crid formerly used for high-level
wastes, there will be washing of the isctopes to a lower level. Of
particular importance 1n this connection 1s the posslbility of dis-
posing of egents which will complex the icns already adsorbed and
bind them into a chemical astate where further adsorption ls neglligi-
ble. Specific instances of this are not ¥nown, although 1t may help
to account for the passage of ruthenlum to the ground water in the
2nd cycle cribas.

Another type of retention that has been used recently ls the satura-
tion of the soil with moisture. Since most of the soils beneath the
area have a moisture content far below thelr specific retention, it
is poseible to add only enough water to bring the molsture content
up to the specific retention. In this case, all of the solution is
retained above the water table for an indefinite period of years which

is believed to be very long.

L. Time of Movement of Ground Water

In the early days of the Hanford operations, it was thought that the
flow of water from beneath the Separatlions areas to the Columbia Rlver
would require about 10-50 years. One of the results of the hydrology
gstudies in recent years has been to give a reasonable value for the
rate of movement of this water, although a simple value for the time
of movement in any directlion cammot be given because of the camplexi-

ties to be discussed.

e USSR —
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Studies in the 300 Area on the rate of movement of the discrete zome

of uranium contemination caused by the disposal ponds has glven a

value for the gravel permeabilities in this region. This value has
been campared wlth the estlmated rate of movement of the contaminated
zone from the reverse well used 1n the 200-Kaat Area. These results
heve indicated a probable rate of movement of about 100 feet per month
with a head drop of 8 feet in 1000 feet. This value is reasonsbly
good for the area south and east of the Separations areas, but the lat-
or gravels north of the Separatlons areas, particularly in the wvalley
on the south side of Gable Mountain and near the Columbia River, prob-
ably have a permeabllity several times that indicated by these measure-
menta.

The water table before plant operations was inferred to have a slope of
about 65 feet 1in a distance of 75,000 to 80,000 feet toward the west,
and = slope of about 40 feet in & distance of 30,000 feet toward the
north.(13) Although the slope is smeller cloge to the river, an appli-
catlon of the flow rate found to the average slope would indicate a time
of 600 to 700 years for travel to the eaat, and 150 to 160 years for
travel to the north with no allowance made for the increaszed permeabil-
ity of the gravels in the latter case.

The disposal of large quantitles of water 1n the T Plant, B Plant,

U Plant, and Redox ewemps, has changed the water table pleture quite
geverely. Instead of uniform, sloping contours fram Cold Creek Valley
to the river, definite "mounds" or hills of water have been built up on
the gurface of the water table due to the inability of the gravels to

conduct 2ll of the water awsy fram the disposal site. This causes a
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definite change in the gradlent hetween the areas and the river.

Figure 1 showe the latest ground water map and illustrates the

mounde fram the T Plant swamp, the B Plant swamp, and the Redax

swamp. The latter mound is still being formed and 1s expected to
become stlll higher. R.E. Brown has estimated the time for the
contaminated water from the reverse well in 200-West Area to reach

the Columbia River as 1500 to 2000 years. This long time Interval

ie due to the present fortaitous location of the ground water mounds
gince these artificial barriers force thls particular water to pur-
sue a course south of the 200-East Area mound and then east to the
river. The movement 1s slow due to the long distances of flat slope
caused by these moundes. Rough estimates of the time for water to move
from the east edge of the present 200-Fast mound to the river, and
Trom the north edge of the T Plant mound north to the river, give 50 to
100 years and 140 to 160 years, respectively, without consideration

of the increased gravel permeabilitlies in this direction. A more re-

alistle value would probably be on the crder of 50 to 100 years.

The pregent situatlion appears to be well under control with all of

the actlve dlsposal points between the two mounds which tend to im-~
mobilize the water between them. As time passes, however, more water

is being put into the ground. With the start of Purex, about 10,000,000
gaellons per day will be disposed of to the gouth of the present B Plant
gswvamp. This will enlarge this mound and may, in time, force a northward
movement of the water between the two mounde. Thils is not deslrable he-
cauge of the permeable gravels and relatlvely short distance to the rilver

in this direction.
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As more and more water is added, the genersl level of the water table

under the Separations areas will be railsed with the two mounds essen-
tially Jolning to form a large plateau. This will inecreasge the grad-
ient and force a flow of the water table both north and east. Asg long
ag the uncontaminated water i1s added at the periphery of the platesu
and the edges are maintained at a higher level than the center, sll
of the water in the center will be immobilized. As soon as the addi-
tion of water stops, however, the center portion will eventually move
out perhaps with increasged speed due to the ingreased gradient.

A detailed study of the formation of ground water mounds and their in-
fluence on the travel of the ground water has been started in order
to provide answers to location of optimum disposal points for large
quentities of water, the possible need for transporting some of the
unconteminated water away from the 200 Areas, and the minimum time of
travel to the river under all foreseeable conditions.

Useful technlgues which have been used for the study of ground water
movement 1n the past include measurements of nitrate or radicactive
1sotope concentratliona. Techniques under study inelude the sodium
concentration, addition of tracers, possibly drawdown tests, and nat-
ural tritium concentrations. In the latter case, the water normally
under the area should contaln little natural tritium because of the
presumably long time required for the water to reach that point.
Since the water added containe the natural tritium concentration of
the Columble River, the measurement of the tritium content should

8lve a reagonable measure of the spread of the water added.
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In the meantime, it appears that it is possibdle to assume a minimum

time of 50 to 100 years even for the most direect route with the best
gradient now available. On this basis, it has been recamnended that
cribbing at any location cease when a detectable concentration of any
isotope with a half-Life of greater than three years ilg obtelned in
the ground water. This recamendation provides minimum decay by a
factor of 60,000 to 100,000 before the material enters the river.
Little would be gained by increasing the half-life of the isotope in
the ground water to permit emaller factors since the next half-life

of any slgnificant lsotope 1a Sr9o whizh 1s between 19 and 25 years.
With a decay factor of only k-5 in the 50 year period, it is not deem~

ed wige to permlt quantities of sr® 1n the ground water at this time.

5. Audits

In the study of the actual disposal sites used in the past, the work
has been severely hampered by the lack of detailed date on the amounts
and compositions of wastes placed into the crib. Mr. Fiper has severe-
ly criticized the disposal practices because of the inability of the
geological studies around the cribs to account for a signifiicant pro-
portion of the isotopes which were estimated as entering the systemc(la)
Closer examination of the data indicates that many of the analyses were
not sensitive enough to dstect the material so that the upper sensitive
ity limite were used in camputing the amount tc the system or that the
concentratione were measursd as entering a settling tank with no good
egtimate of what cames out and actuaslly goes to the crib.

It has became a part of the poliey of the Radioclogical Sciences Department
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that a careful audlt including volumes, selt camposition, and lsotope
concentration, should be made on all streams to the ground. A sampler
1s being designed to permit obtaining of representative samples for
careful analysis, and for laboratory studies on actual streams. This
careful audit becames more lmportant as permission 1s granted to erib
more active wastes., It 1s hoped that by the time Purex is in opera-
tion, all waste streems will be analyzed routinely, and that running
andits of the amount of lsotopes actually remaining in the ground will

be avallable.
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FIG. 1 GROURD WATER CONTOURS - JAN. 1953
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